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2003 North Dakota Mosguito Surveillance Program

Mission

The North Dakota Department of Health (NDDoH) monitors the risk of possible infection from arboviral
encephalitides that are known to occur in this region; western equine encephalitis (WEE), St. Louis encephalitis
(SLE) and West Nile virus encephalitis (WNV). Currently, the surveillance program is concerned primarily with the
mosquito species Culex tarsalis, the primary vector for WEE, SLE and WNV. As during previous surveillance
periods, the state will focus activities on Cx. tarsalis, watching for increased numbers in the New Jersey Trap
Network and actual virus activity using the CDC Light Trap Network to determine the need for control activities.

2003 Mosquito Trap Operators
Thank you to the following New Jersey and CDC Mosquito Trap Operators whose dedication and
commitment to the North Dakota Department of Health Mosquito Surveillance Program made the 2003
program a success.
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Jim Michael *
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Rob Gilseth Cavalier County Service Steve Reidburn *  Stutsman County
Terri Gustafson Cavalier County Julie Ferry Nelson County Terry Harland Towner County
Robert Schaefer Dickey County Keith Johnson Oliver County Jim Anderson Traill County
Dennis Lampert Divide County Tim Midboe Pembina County Brenda Stallman Traill County
Kevin Pavlish Dunn County Kathy Johnson Pembina County Mike Huska Walsh County

George Ritzke Eddy County Jeanette Mygland Pierce County Jim Heckman * Ward County

Bev Voller Emmons County Myron Asleson * Ramsey County Jody Reinsch Ward County
Jean Kulla Foster County Leroy Axdahl * Ramsey County Connie Haman Wells County
Alvin & Betty Golden Valley County Alan McKay Ramsey County Loren Stoltz Wells County
Tescher Glen Furman Ransom County Dave Benth * Williams County
Todd Hanson * Grand Forks County Rick Gillund Ransom County Gene Gafkjen Williams County
Norman Schock Grant County Randy Seelig Ransom County Mike Melius Williams County
Julie Ferry Griggs County Kurt Odegard Williams County
North Dakota State Park New Jersey Trap Operators
Kathy ND Parks and Rec. Dept. Jon Kwapinski Ft. Ransom John Tunge Lake Sakakawea
Duttenhefner Richard Messerly Ft. Stevenson Dave Leite Lake Sakakawea
Erik Beaver Lake Dick Horner Grahams Island Helen Volk Schill Lewis and Clark
Dietrich Henry Duray Icelandic Dick Horner Shelvers Rec. Area
Dennis Clark Cross Ranch Byron & Tolly Holtan  Indian Hills Rec. Area Steve Crandall Turtle River

Chuck Erickson Ft. Abraham Lincoln Larry Hagen Lake Metigoshe
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NORTH DAKOTA DEPARTMENT OF HEALTH
MEDICAL SERVICES SECTION

DIVISION OF MICROBIOLOGY

1205 Avenue A West, PO Box 5520

Bismarck, North Dakota 58506-5520
Telephone: 701.328.5262  Fax: 701.328.5270

Dear Reader:

The following document is the North Dakota Mosquito Surveillance 2003 Program Report including
recommendations for 2004. It outlines the 2003 program based on policies and recommendations set
forth by previous and present mosquito surveillance personnel.

The Division of Microbiology (NDPHL) and the Arbovirus Program supervisor have reviewed the
Mosquito Surveillance 2003 report. Their experience and knowledge were requested to make
recommendations for improvements in the 2003 and 2004 North Dakota Mosquito Surveillance
Program. The recommendations are included in this report.

Please contact the North Dakota Mosquito Surveillance Program if you would like additional
information.

Travis Schulz

Mosquito Surveillance Program Coordinator
October 2002 to August 2003



Table of Contents

2003 Program Overview

Mosquito Surveillance
Program Background

New Jersey Mosquito Trap Network

IO AUCTION. ¢ e et e
2003 RESUILS. .o e e e s

[ 52T o) 1T P 11
CDC Miniature Light Mosqulto Trap Network
Introduction. . .12
Arbovirus Informatlon ........................................................................... 13
Arbovirus Testing
WESt NILE VITUS. ..ottt e 15
Western Equine Encephalitis..............oouiiiiiiiiiiiieie e 16
Eastern Equine Encephalitis............ccooiiiiiiiiiiiiiieieeie e 17
Saint Louis Encephalitis............cooiiiiiiiiiiiiieeeeeeeeeeeie e svie s 18
California Serogroup VIruses. .........ooveiviiiiinieeiienieerieeeieeieesreeseeesviesneeneees. 19
VECTESt STUAY.......ooiniiiiie e et et ettt e st e e st e e sabeeesabeee e 20
Mosquito Surveillance Risk Assessment Chart............................ .. 22
2004 Recommendations. ............oouiiiiitiii e 23
Appendix A Figures and Maps
New Jersey Trap (FiZ. 1)...oooieoieeiiiieeie ettt 25
CDC Miniature Light Mosquito Trap (Fig. 2)......ccceeouerirninnenecieeiesierceeeee 25
Culex tarsalis mOSQUItO (FiZ. 3).viirieiiieiiiieie e 25
2003 Mosquito Surveillance Trap Sites (Fig. 4)...cccoecveeeeiviiiiiiiniiiinne...... 26
Mosquito Surveillance Regions (Fig. 5)........cviiiiiiiniiiiiiieieeie e 27

Appendix B 2003 Mosquito Populations vs. Temperature and Rainfall

INErOAUCHION et 28

12T o) 11 30
Appendix C 1994-2003 Weekly Mosqulto Trap Counts

Introduction .. PRt 7

Trap Count Graphs ........................................................................ 55
REFCIEIICES. ...ttt et et sa e e ebe e s 61



2003 Mosquito Surveillance Program Overview

New Jersey Trap Network

The 2003 North Dakota Mosquito Surveillance Program was enhanced with the addition
of a full-time mosquito surveillance coordinator, onsite mosquito trap training, and
mosquito speciation training. In addition, the state New Jersey Trap Network was
expanded to include a total of 87 traps with at least one mosquito trap in every county,
state park, and Indian reservations. The state network also included two New Jersey
Traps in each urban area with a population greater than 7,000 citizens.

Mosquito surveillance program activities began in January with the solicitation of New
Jersey Light Trap and CDC Miniature Light Trap operators. Prospective trap operators
were contacted regarding participation in the 2003 North Dakota Mosquito Surveillance
Program. At the time of contact, trap supplies for each trapping location were
determined.

During February and March, mosquito surveillance personnel conducted on-site mosquito
trap training sessions. The training sessions covered the goals and objectives of the 2003
North Dakota Mosquito Surveillance Program, provided training about New Jersey
Mosquito Trap maintenance and placement, and established rapport between the New
Jersey Trap operators and the mosquito surveillance program personnel. During the
training sessions, new or replacement traps and additional supplies were issued.

During the months of April and May, mosquito speciation training sessions were
conducted for personnel supervising local New Jersey Trap Networks. The training
sessions covered mosquito ecology, genera characteristics and other key information.

In May, an equine in Cass County tested positive for infection with West Nile virus,
prompting the state program to begin mosquito surveillance activities on May 18, a full
two weeks before the original anticipated start date.

CDC Miniature Light Trap Network

In 2003, the CDC Miniature Light Trap Network was created to include nine locations
within the state. CDC Miniature Light Traps were issued during the mosquito speciation
training sessions. Environmental health personnel were solicited to assist in operating
remote CDC traps for the North Dakota Mosquito Surveillance Program. Trap operator
participation was phenomenal throughout the 2003 season, with all traps reporting each
week of operation.



Conclusion of 2003 Program:

The 2003 North Dakota Mosquito Surveillance Program was successful. The program
met or expanded upon the goals established in the mission statement. Mosquito
populations, specifically the Cx. farsalis, and arbovirus activity was successfully
monitored statewide throughout the season. In addition to population and arbovirus
monitoring, the following objectives were met:

* Training was provided for trap placement and mosquito identification,

* Mosquito trap placement pamphlets and identification quick reference keys
were developed and distributed throughout the state,

* Relationships were established between mosquito populations and local
climate events,

* All state New Jersey Traps were assigned a tracking number for easier
inventory,

* Global Positioning System (GPS) coordinates of all New Jersey Mosquito
Traps were established.

* A video was developed for future distribution.



Mosquito Surveillance

Program Background

Since 1975, the North Dakota Department of Health has periodically monitored mosquito
populations throughout the state. The Mosquito Surveillance Program traditionally has
been activated and/or reactivated following arboviral outbreaks or flooding incidences in
various locations throughout the state.

The program was first initiated in 1975 following an outbreak of Western Equine
Encephalitis (WEE) and St. Louis Encephalitis (SLE). In 1977, the program was
officially formed under the title of North Dakota Arboviral Encephalitis Surveillance
Program and housed by the Division of Environmental Sanitation and Food Protection.
This program was responsible for equine and human arbovirus surveillance and ran until
1989, when it was canceled due to lack of funding.

The program was reinstated under the name of North Dakota Mosquito Surveillance
Program in 1994 in response to flooding of the Red River in 1993. This program was,
and currently is, housed within and operated by the Division of Microbiology (North
Dakota Public Health Laboratory) in Bismarck, ND. The program ran until 1997, when it
was once again canceled due to lack of funding.

In 2000, the North Dakota Mosquito Surveillance Program was once again reinstated in
response to the 1999 West Nile virus (WNV) outbreak in New York. During the years of
2000 and 2001, no WNV activity was seen within North Dakota. However, in 2002,
North Dakota had its first confirmed cases of WNV in birds, horses and humans. In
addition to the confirmed avian and mammalian cases of WNV, a mosquito pool from
Grand Forks County tested positive for WNV.

The 2003 program expanded to include a network of 87 New Jersey Mosquito Traps and
18 CDC Miniature Light Mosquito Traps providing full coverage across North Dakota.
With the expansion of the program, one full-time mosquito surveillance coordinator was
added. The program also included three full-time summer personnel responsible for
mosquito speciation and counting, as well as mosquito-associated administrative duties.



New Jersey Mosquito Trap Network

Introduction

The New Jersey Mosquito Trap Network (Appendix A, Fig. 4), has been in place
periodically since the North Dakota Mosquito Surveillance Programs inception in 1975.
The network is primarily volunteer based. In recent years, it has grown to incorporate
various city, county and state organizations, as well as one federal agency.

Traditionally, the New Jersey Mosquito Trap Network volunteers either approach the
North Dakota Department of Health (NDDoH) or are solicited to participate in the
program. Each volunteer agrees to install a New Jersey Mosquito Trap (Appendix A,
Fig. 1) in a suitable location at the beginning of mosquito season, generally late May or
early June. Using a programmable timer, the trap is set to operate between the hours of
8:30 p.m. and 7 a.m. seven nights a week. At the end of the seven-day period, usually
Sunday night to Monday morning, the samples are collected and sent to the North Dakota
Public Health Laboratory (NDPHL) in Bismarck for counting and speciation. This
process repeats itself weekly until the end of mosquito season, generally near the end of
September.

Once the samples arrive at the NDPHL, the mosquito surveillance personnel sort the
mosquitoes into sex and genera. Since male mosquitoes do not bite, they are of little
health concern. However, male mosquitoes do hatch first, and increased numbers may
indicate a future female mosquito population boom. The female mosquitoes are
separated into three genera - Anopheles, Aedes, Culex, and Others - and enumerated.

The NDDoH monitors the genus Anopheles due to its association with malaria and, more
recently but to a much lesser extent, to West Nile virus (15).

The Aedes genera of mosquito are of a public health concern in North Dakota due to their
vast numbers and association with illnesses such as dog heartworm, LaCrosse
encephalitis (LCE), Eastern Equine encephalitis (EEE), Western Equine encephalitis
(WEE), California encephalitis (CAE), and West Nile virus (WNV) (15). Although
Aedes vexans has been shown to be capable of laboratory transmission of WNV, its

mammalian feeding preferences decrease its potential as an enzootic vector for WNV
(22).

The mosquito of greatest public health concern in North Dakota is the genus Culex. The
enzootic transmission cycles of WNV and other arboviruses in North Dakota are
conceptually identical with Culex vectors, transmitting virus among passerine avian hosts
(22). All species of Culex found in North Dakota are competent vectors of SLE, WEE
and WNV. The species most commonly associated with encephalitis in North Dakota is
Culex tarsalis (15), a principal arbovirus vector in rural agricultural ecosystems (22).



New Jersey Mosquito Trap Network

2003 Results

In 2003, 1,255 New Jersey Mosquito Trap collections were made during the 19-week
mosquito surveillance season. These 1,255 collections resulted in 935,598 total
mosquitoes collected, with a weekly per trap average of 122.59. The highest mosquito
counts were made during the third week of July. However, the highest Culex tarsalis
counts were made during the fourth week of July.

Table 1:
Weekly Totals for the 2003 North Dakota Mosquito Surveillance Program
Male Female Sites
Culex Culex Total Total Reported
Week Anopheles Aedes (non-tarsalis) | Tarsalis | Other | Female | Mosquitoes & Counted
May 19-24 3321 35 5306 267 4 969 6581 9902 38
May 25-June 1 45624 17 17714 2551 154 969 21405 67029 64
June 2-8 74524 16 43699 3316 61 2246 | 49338 123862 74
June 9-15 41608 113 63485 4748 147 5086 | 73579 115187 74
June 16-22 36134 213 50620 1279 248 5519 | 57879 94013 76
June 23-29 9234 80 10957 515 511 1389 | 13452 22686 80
June 30-July 6 16452 357 42992 1116 1197 1496 | 47158 63610 72
July7-13 11145 282 41094 370 1044 1569 | 44359 55504 77
July 14-20 23859 333 81991 824 2933 805 86886 110745 71
July 21-27 30703 364 64560 322 5066 1301 | 71613 102316 67
July28-Aug3 14661 254 29321 160 2319 385 32439 47100 75
Aug 4-10 4133 461 21013 239 3433 433 25579 29712 66
Aug 11-17 6238 379 11434 704 2698 644 15859 22097 73
Aug 18-24 3642 431 6728 330 2127 680 10296 13938 69
Aug 25-31 3368 262 2651 204 958 2006 6081 9449 62
Sept 1-7 2912 278 3960 238 469 1893 6838 9750 63
Sept 8-14 1513 38 1592 71 94 2247 4042 5555 58
Sept 15-21 579 15 215 13 71 1391 1705 2284 54
Sept 22-28 303 3 14 0 6 1411 1434 1737 42
Total 329953 3931 499346 17267 23540 | 32439 | 576523 906476 1255

Totals include all traps reported for that week, including the state parks.

Traps not included were not reported for the week or were too wet to count.
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New Jersey Mosquito Trap Network

Graph 1: 2003 Female Mosquito Overview
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CDC Miniature Light Mosquito Trap Network

Introduction

Records indicate that the North Dakota Mosquito Surveillance Program has used the
CDC Miniature Light Mosquito Trap (Appendix A, Fig. 2) since the programs 1975
inception. Due to the need for carbon dioxide (CO5) as bait and shipping coolant, these
traps are not deployed as extensively as the New Jersey Mosquito Traps.

The CDC Miniature Light Mosquito Trap is a battery-operated CO»-baited trap that
allows collection of mosquito specimens for laboratory testing. The traps are set up in
suitable mosquito trapping locations, baited with CO, and collected as early as possible
the next morning. The samples are then placed on ice to preserve any virus present and
shipped to the NDPHL for speciation. At the laboratory, the specified species are
separated and placed in pools of no more than 50 mosquitoes. The pools are then tested
using the Nucleic Acid Sequence Based Assay (NASBA™ Biomeriuex, Durham, North
Carolina) molecular amplification procedure and viral cultures to determine arbovirus
presence within a mosquito pool.

In 2003, the CDC Miniature Light Mosquito Trap Network (Appendix A, Fig. 5)
expanded to include 18 CDC Miniature Light Mosquito Traps deployed in nine locations
throughout the state. On the night of July 1, the CDC trap network began its first night of
operation. The network was then activated once a week, usually Tuesday night, for a 13-
week period with the final trapping date of September 23.

12



Arbovirus Information

Viruses designated as arboviruses, or arthropod-borne viruses, are viruses spread by
blood-feeding insects. The blood-feeding insect most commonly implicated in the spread
of arboviruses is the mosquito. The mosquito has been linked to such diseases as yellow
fever, malaria and numerous encephalitides.

Not all mosquitoes are vectors; vehicles in the transmission of arthropod borne diseases.
This is due in large part to mosquito species-specific meal preference. Male mosquitoes
do not lay egg; therefore, they do not require a blood meal and feed almost exclusively on
nectar. On the other hand, most female mosquitoes require a blood meal, but some
species may prefer to feed from cold-blooded prey, whereas another species may prefer
to feed from warm-blooded prey. Within the group of mosquitoes that prefer warm-
blooded prey, some may prefer to take their blood meal from avians, humans or other
mammals. However, the mosquitoes’ warm-blooded prey preference may not be
exclusive. In this case, the mosquito is considered an opportunistic feeder. This non-
preferential or opportunistic feeding characteristic prompts the spread of arboviruses by
these mosquitoes (15).

Recently, the encephalitis of greatest public health concern in the continental United
States has been West Nile virus. Discovered in the West Nile region of Uganda in 1937,
WNV first appeared in New York in 1999 (19). Since that time, the virus has been
steadily making its way westward across the North American continent, appearing in
North Dakota during the summer of 2002 (5).

Currently, 36 species of mosquito are considered indigenous to the state of North Dakota.
Of the 36 North Dakota species, 12 are known carriers of West Nile virus (11, 21).
Mosquitoes carrying WNV can be divided into two groups: competent vectors and non-
competent vectors (12). A competent vector of WNV is based on information gathered in
both the field and laboratory studies. After initial ingestion, the WNV requires seven to
10 days of incubation within the mosquito to become pathogenic. During this time
period, the virus multiplies, moves from the mosquito’s gut to the gut wall, into
surrounding body tissues, and finally into the salivary glands. Once the virus has infected
the salivary glands, it can be transmitted to a host. Figures 1-4 depict this process. If the
mosquito is considered a non-competent vector species, the virus migrates much more
slowly to, or does not infect, the salivary glands and therefore is not readily transmitted to
future blood-meal hosts (12).

(Figure 1)
Virus in blood meal,
mosquito not infected.
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(Figure 2)
Mosquito infected,
but limited to mid-gut.
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Virus disseminated to
hemocoel, but salivary glands
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(Figure 4)
Virus in Salivary glands ready * Figures reprinted from PowerPoint
to be transmitted. presentation by U.S. Army Medical

Research Institute of Infectious Diseases,
Fort Dietrick, Maryland

The North Dakota Mosquito Surveillance Program identifies species from the Aedes,
Culex and Anopheles genera of mosquitoes. The Culex genus, particularly the farsalis
species, is the targeted vector in North Dakota for WNV, as well as other viral
encephalitides (5, 13, 17). The population of this mosquito and other species is directly
related to weather patterns, including temperature and precipitation. Additional studies
have shown that the probability of the Culex tarsalis mosquito transmitting WNV is
dependent on temperature (12).

This document will discuss WNV, as well as other viral encephalitides carried by
mosquitoes, and will provide information about the 2003 North Dakota Mosquito
Surveillance Program, including mosquito counts, weather patterns and infection rates of
WNV in North Dakota.
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Arbovirus Testing

2003 West Nile Virus
Background

West Nile virus is named after the West Nile region of Uganda where it was first
discovered in 1937. Common in many parts of the world, WNV virus had not been seen
in the Northern Hemisphere until late summer 1999 (19). First appearing in New York,
WNV has been spreading west across the continent and, by 2002, had appeared in 44
states, Canada, and the Cayman Islands (12).

Although only a small proportion of people infected with WNV display symptoms, WNV
can cause encephalitis (an inflammation of the brain) and meningitis (inflammation of the
brain and spinal cord) in humans and other animals. Symptoms of a WNV encephalitic
infection include neck stiffness, confusion, loss of consciousness, tremors, convulsions,
muscle weakness, paralysis, comas, permanent brain damage and possibly death (2).

Results
In 2003, 96 mosquito pools were tested for West Nile virus. Of the 96 pools tested, 11

tested positive for the presence of WNV using the NASBA® procedure.

Table 2: NASBA Results for Mosquito Collections for 2003

Number of

Location County Date Mosquitoes Date Tested | Trap | NASBA

Collected| Tested | Collected # Result
\Valley City Barnes |7/15/2003 50 155 7/29/2003 1 Positive
Jamestown | Stutsman (7/30/2003 50 89 8/7/2003 1 | Positive
\Valley City Barnes |7/30/2003 50 142 8/7/2003 1 Positive
Williston Williams |7/30/2003 14 14 8/7/2003 2 | Positive
\Valley City Barnes | 8/7/2003 50 100 8/8/2003 2 | Positive
Williston Williams | 8/7/2003 50 73 8/8/2003 2 | Positive
Bismarck Burleigh |[8/20/2003 15 15 10/16/2003 1 Positive
Grand Forks|Grand Forks|8/20/2003 26 26 10/16/2003 1 Positive
Grand Forks|Grand Forks|8/27/2003 27 27 10/16/2003 1 | Positive
\Valley City Barnes |8/27/2003 13 13 10/17/2003 1 Positive
\Valley City Barnes |8/27/2003 42 42 10/17/2003 2 | Positive

15



Arbovirus Testing
2003 Western Equine Encephalitis

Background

Western Equine encephalitis is found in states west of the Mississippi River, Wisconsin
and Illinois. Major outbreaks in equines occurred throughout the 1930s, and large human
outbreaks occurred in 1952, 1958, 1965, and 1975 (15).

Cases of WEE are generally concentrated in the young age groups. Human mortality
rates range from 1% to 5% with horse mortality rates considerably higher (15).

Results
2003 results are pending for mosquito pools tested for WEE.

Western Equine encephalitis was not considered a major agricultural or public health
threat in North Dakota during 2003 by the Centers for Disease Control and Prevention
and the North Dakota Department of Health. Therefore, testing for WEE was not deemed
necessary, but the North Dakota Public Health Laboratory maintains testing capability in
the event of an outbreak.

16



Arbovirus Testing
2003 Eastern Equine Encephalitis

Background

Eastern Equine encephalitis is found along the Atlantic and Gulf Coasts and inland in
limited areas of New York and the Midwest. Annually, there are a small number of cases
nationwide; however, large localized outbreaks occurred in 1956, 1959, 1968, 1982 and
1983 (15).

Eastern Equine encephalitis is the most deadly of the North American mosquito-borne
viruses. Like WEE, EEE cases are concentrated primarily in the young. The fatality rate
among humans is 50 to 75% with most survivors having severe central nervous system
dysfunction. EEE is extremely deadly in equines, with a mortality rate higher than 90%

(15).

Results
2003 results are pending for mosquito pools tested for EEE.

Eastern Equine encephalitis was not considered a major agricultural or public health
threat in North Dakota during 2003 by the Centers for Disease Control and Prevention
and the North Dakota Department of Health. Therefore, testing for EEE was not deemed
necessary, but the North Dakota Public Health Laboratory maintains testing capability in
the event of an outbreak.
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Arbovirus Testing
2003 St. Louis Encephalitis

Background

St. Louis encephalitis received its name from the St. Louis, Missouri, area where it was
first recognized in 1933. Since 1933, SLE has been reported in 46 states. The largest
outbreak of SLE occurred in 1975 when 1,815 cases were reported in 30 states, with a
majority of the cases occurring in the Ohio and Mississippi valleys. There was another
outbreak in Florida in 1990, in which 226 cases were reported (15).

St. Louis encephalitis is considered to be a more serious disease than WEE, but less so
than EEE. Unlike WEE and EEE, SLE is more concentrated and severe in the elderly
population. Most infections of SLE do not result in illness, with mild cases exhibiting
aseptic meningitis or fever. However, in the more severe cases, fatality rates range from
2% to 20% with neurologic dysfunction occurring in a small percentage of survivors (15).

Results
2003 results are pending for mosquito pools tested for SLE.

St. Louis encephalitis was not considered a major agricultural or public health threat in
North Dakota during 2003 by the Centers for Disease Control and Prevention and the
North Dakota Department of Health. Therefore, testing for SLE was not deemed
necessary, but the North Dakota Public Health Laboratory maintains testing capability in
the event of an outbreak.

18



Arbovirus Testing
2003 California Serogroup Viruses

Background

The California serogroup are a group of several related viruses that included California
encephalitis, La Crosse encephalitis, and Jamestown Canyon virus. Illness and/or
mortality from these viruses have been reported primarily in states bordering or east of
the Mississippi River, as well as Oklahoma, Texas and California. Occurring more often
than EEE and WEE infections, about 75 cases are reported in the United Stated annually,
with the vast majority of the illnesses resulting from La Crosse encephalitis (15).

The California serogroup viruses primarily infect children younger than 16 , and more
often infects males than females. Infections are much less severe than most mosquito-
borne illnesses, with a mortality rate of about four deaths per 1,000 infections (15).

Results
2003 results are pending for mosquito pools tested for California serogroup viruses.

The California serogroup virus encephalitides were not considered a major agricultural or
public health threat in North Dakota during 2003 by the Centers for Disease Control and
Prevention and the North Dakota Department of Health. Therefore, testing for California
serogroup virus encephalitides was not deemed necessary, but the North Dakota Public
Health Laboratory maintains testing capability in the event of an outbreak.
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VecTest Study

Introduction
Recent technological advances enabled mosquito samples to be rapidly tested for

arboviruses. The VecTest™ (Medical Analysis Systems, Inc, Camarillo, California) is a
rapid immunochromatographic assay capable of qualitative detection of disease-causing

pathogens directly from arthropod vectors (14).

For the VecTest™ procedure, mosquito pools are created containing from one to 50
mosquitoes. The pools are then ground and centrifuged. A 250ul aliquot of supernatant
is removed from the vortexed mosquito homogenate and placed in a microcentrifuge
tube. A test strip is inserted in the microcentrifuge tube for a period of 15 minutes.

The VecTest™ procedure requires no sample temperature restrictions and can be
completed in 30 minutes. However, the test is not an amplification procedure; thus,

unless the mosquito (or mosquitoes) carry sufficient viral loads, the test may produce a

false negative.

In this study, all mosquito pools tested using the VecTest™ West Nile virus procedure
were confirmed by the NASBA" procedure (14).

Results

A total of 96 Culex tarsalis mosquito pools were tested for the presence of WNV, nine
were positive with the VecTest. In comparison, 11 tested positive for WNV using the

NASBA procedure. The NASBA result was reported.

Table 3: NASBA® and VecTest™ Results for 2003

Location County Date Date Tested No. of Mosquitoes| Trap [ NASBA | VecTest
Collected [VecTest |NASBA Tested | Collected # Result | Result
\Valley City  |Barnes 7/15/2003 |7/22/2003 |7/29/2003 50 155 1 |Positive  |[Negative
Jamestown |Stutsman 7/30/2003 |8/6/2003 |8/7/2003 50 89 1|Positive  |Positive
\Valley City  |Barnes 7/30/2003 |8/6/2003 |8/7/2003 50 142 1|Positive  |Positive
Williston Williams 7/30/2003 |8/6/2003 |8/7/2003 14 14 2|Positive  |Positive
\Valley City  |Barnes 8/7/2003 |8/8/2003 |8/8/2003 50 100 2|Positive  |Positive
Williston Williams 8/7/2003  |8/8/2003 |8/8/2003 50 73 2|Positive  |Positive
Devils Lake |Ramsey 8/13/2003 |8/25/2003 [10/16/2003 50 121 1|Negative |Positive
Dickinson Stark 8/13/2003 |8/25/2003 [10/16/2003 50 77 1|Negative |Positive
Bismarck Burleigh 8/20/2003 |8/25/2003 [10/16/2003 15 15 1|Positive  |[Negative
Grand Forks |Grand Forks |8/20/2003 |8/25/2003 [10/16/2003 26 26 1|Positive  |[Negative
Grand Forks |Grand Forks |8/27/2003 |9/15/2003 |10/16/2003 27 27 1|Positive  |Positive
Valley City  |Barnes 8/27/2003 |9/15/2003 |10/17/2003 13 13 1|Positive  |[Negative
Valley City  |Barnes 8/27/2003 |9/15/2003 |10/17/2003 42 42 2|Positive  |Positive
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Discussion

When compared to the NASBA® procedure, the VecTest™ procedure had an accuracy of
94%, a sensitivity of 68% and a specificity of 8%. Factors contributing to the low
sensitivity and specificity include, but are not limited to (1) insufficient viral load; (2)
cross reactivity with other flaviviruse; and (3) presence of environmental inhibitors.

Conclusion

This study was conducted over a short period of time, July through September 2003,
testing one species of mosquitoes, Culex tarsalis. Further research is suggested using a
longer period of time and expanded sampling to determine the value of this testing
procedure in the NDDoH mosquito surveillance program.
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North Dakota Mosquito Surveillance

Risk Assessment Chart

for Arbovirus Activity

Risk
Category

Probability of
human
outbreak

Definition of
Conditions

Recommended Response
by Mosquito Surveillance Team
and ND Vector Control
Personnel

la

1b

Remote

Mid-season; first week of
July; no observed epizootic
activity; low population
counts of vector species from
New Jersey Trap Network.

Begin preliminary low intensity
CDC live-trapping network and
testing in all areas of the state; test
for targeted virus presence.

Late-season; third week of
July through September; no
observed epizootic activity;
high population counts from
New Jersey Trap Network.

Deploy mid-intensity CDC live-
trapping network and viral testing
in areas with high population
counts of targeted vector species;
continue low intensity trapping
and testing in other areas.

Low

Sporadic epizootic activity in
birds or mosquitoes.

Deploy high intensity CDC live-
trapping network and viral testing
in epizootic areas and consider
preliminary control measures such
as source reduction and larval
control; continue surveillance in
other areas.

Moderate

Initial confirmation of virus
in horse or human; moderate
activity in birds or
mosquitoes.

Continue as in Category 2;
consider adult mosquito control as
indicated by surveillance activity.

High

Measures suggesting high
risk of human infection (for
example, high dead bird
densities, high mosquito
infection rates, multiple
positive mosquito species,
horse or mammal cases
indicating escalating
epizootic transmission, or a
human case).

Response as in Category 3; initiate
adult mosquito control program in
areas of potential human risk.

Outbreak in
progress

Multiple confirmed human
cases; conditions as listed in
Category 4.

Implement emergency adult
mosquito control program; if
widespread, consider aerial

spraying.
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2004 Mosquito Surveillance Program Recommendations

Recommendations from the 2002 North Dakota Mosquito Surveillance Program
implemented in 2003:

1.

All 53 North Dakota counties, 13 state parks, and four reservations had the
opportunity to be represented by mosquito traps. With a weekly average of
80% trap operator participation, uniform surveillance across the state was
achieved.

Training and pamphlets were provided in an effort to reduce sampling
variation, specifically variation of trap locations. Random traps were
inspected, with about 30% properly placed. This low percentage may be due
to the location of the power source needed to run a New Jersey Mosquito
Trap.

A total of 70 of the 87 trap sites across the state were operated by personnel
associated with federal, state, county or city organizations, reducing the
reliance on trap volunteers alone.

Recommendations for the 2004 program:

1.

Continuation of a full-time Mosquito Surveillance Program coordinator,
responsible for the coordination of mosquito trapping efforts, issuing trapping
supplies, trap placement and speciation training, composition of the Mosquito
Surveillance Program’s annual report, and mosquito sample speciation.

Three full-time mosquito analysts to assist the Mosquito Surveillance Program
coordinator in the speciation of mosquitoes, issuing of supplies, and
completion of the Mosquito Surveillance Program’s annual report. These
positions would run from approximately May 1 to the end of September.
Address reducing sporadic contribution of samples by identifying and
replacing those operators who did not participate during the 2003 surveillance
season.

Continue working with local field epidemiologists to acquire GPS/GIS data
for New Jersey Mosquito Trap and CDC Miniature Light Mosquito Trap sites
throughout the state.

Prepare an instructional packet for submitting samples containing (1) a memo
stating contents; (2) an instructional video depicting proper trap placement
and collection procedures; (3) a labeled bag (location or city and collection
date); and (4) a mailer labeled on the inside with contact and location
information.

Prepare an organized deactivation plan in the event Mosquito Surveillance
Program activities are ceased. Include in the plan a procedure for the return
and storage of the New Jersey and CDC Mosquito Traps and accessories.
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Appendix A Figures and Maps

(Figure 1)

(Figure 3)
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Appendix B Mosquito Populations vs. Temperature and Rainfall

Monitoring mosquito populations in relation to temperature and rainfall is fundamental to
mosquito surveillance. Over time, information about how mosquito populations are influenced
by changing seasonal dynamics may assist in the prediction of mosquito activity and thus
arbovirus activity throughout a given area. The 2003 North Dakota Mosquito Surveillance
Program, in addition to surveying mosquito populations and testing for West Nile virus, obtained
information to compile regional graphs depicting the relationship between mosquito populations,
temperature and rainfall accumulations. With this in mind, thorough knowledge of the mosquito
life cycle, habitat and development factors will aid in the interpretation of the following data and
graphs.

The mosquito life cycle has four distinct stages consisting of egg, larva, pupa and adult. A
female mosquito breeds in the presence of water and lays fertile eggs after obtaining a blood
meal. The location in which a female mosquito deposits her eggs in the environment depends
upon larval habitat preference (15). The 36 mosquito species indigenous to North Dakota can be
grouped into four categories that reflect their larval habitat preference. These categories include
the permanent pool group, the transient water group, the floodwater group, and the artificial
container and tree-hole group (11, 15).

Mosquitoes within the permanent pool group lay eggs either singly or side by side on the water
surface of permanent ponds and lakes. Mosquitoes included in the permanent pool group are
primarily of the genus Anopheles, along with a few selected Culex species.

The egg-laying habits of a transient water mosquito like the Culex tarsalis are similar to the
permanent pool group, except these mosquitoes prefer to lay their eggs in pools of a temporary
nature. Common habitats of the transient water group are roadside ditches, borrow pits, canals,
ground pools and irrigated lands.

Most species of the genus Aedes including Aedes vexans, possibly the most numerous mosquito
in North Dakota, are floodwater mosquitoes. Eggs are placed singly on damp soil or along
vegetated shorelines and remain dormant until these areas are flooded. Once flooded, the eggs
hatch if conditions are favorable. Large numbers of larvae emerge, and adults can appear as
early as six days after flooding.

The artificial container and tree-hole group of mosquitoes place their eggs inside the wall of a
container or depression inside a tree, at or above the water line, and the eggs hatch when the
water levels rise (15).

Once hatched, larvae of all species emerge and live in water. After four stages, or instars, the
larva molts into a pupa. The pupa stage is a resting, nonfeeding stage where the pupa is encased
until the adult matures and emerges from the skin after one and a half to four days. Adult male
mosquitoes, on average, live from six to seven days. Female mosquitoes, on the other hand,
usually live for about two weeks but can live for up to five months with ample food. The longer
female mosquito life span allows sufficient time for a virus such as WNV to mature within the
mosquito. Once infected, a female mosquito may remain so for her lifetime, with the potential to
transmit the virus to every susceptible host she feeds on. (15).
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One should expect to find peak adult mosquito populations within a two-week time period after a
batch of eggs hatches. Two factors that affect the numbers of mosquitoes that emerge and their
rate of development into an adult are temperature and rainfall. Mosquito eggs require certain
weather conditions to hatch. Permanent pool mosquitoes can develop continuously in warm
water and hatch daily into adults. Transient water mosquito eggs in ditches and small
depressions must wait until rainfall to begin the hatching process. A major rainstorm, a series of
showers, or irrigation sufficient enough to produce standing water promotes hatching in the
floodwater species of mosquitoes. A heavy rain resulting in standing water in normally dry
margins of natural sites or old tires, tin cans, and flowerpots will begin the hatching process for
artificial container mosquitoes (1).

Along with increased rainfall, warmer water temperatures speed up hatching and larval
development. If outdoor temperatures are 50° F or more, productive breeding sites readily
produce mosquito larvae. With increasing water temperatures, large mosquito populations can
emerge within one week. Research in laboratory settings has shown that if the water temperature
exceeds 100° F, it takes only three to four days for larval metamorphosis; if the temperature is
90° F, it takes five days; and a lower water temperature of 70° F decreases rate of growth to 10
days (1). Floodwater species of Aedes larvae generally metamorphose within five to seven days
after hatching. The species Culex tarsalis completes its life cycle in 14 days at 70°F and in only
10 days at 80°F (15).

When a mosquito becomes an adult, the weather elements affect its peak activity. Most
mosquitoes are active from dusk until dawn when wind speeds are less than eight miles per hour,
the air temperature is between 65°F and 80° F, and the weather is moderate. Heavy rains,
gusting winds, and cool or high daytime temperatures all limit a mosquito's feeding activity (1).
At temperatures less than 50°F, mosquitoes become sluggish, reducing their host-seeking
behavior. At higher temperatures, usually during daytime hours, adult mosquitoes seek cover in
vegetated or humid areas with shade (3).

Mosquito populations are not uniformly distributed throughout a trapping area as a result of
environmental and biological differences among trap sites. By taking the geometric mean, the
environmental and biological differences that may skew the data are minimalized. In addition to
minimalizing skewing, the geometric mean creates a direct proportional relationship, as well as
changes the value to another scale, enabling practical data comparison. For these purposes the
geometric mean was used in the creation of the following graphs.

27



8¢

' oo _ ™,
A3 chiny g Anp aunp
z GTT 1ZEL PR 4L IEST bTEL AL OF B 4702 02kl Bl S GZET Zg9l Sl6 8T 5T bT6l
) ) ) ) 0 yag e weg weg Bry  fny  Bny  Bny zhnp Anp Anp -pSnposunp sunp sunp sunp aunp Aepy ke
i 1{5‘1\\[|\ 0
) v \\
e /< aliarg
0e
0009
o g
oooa m
05 B
, \ / \ oooal
Uealy JUlEW0aS) £O07—l 09
UEap| aUBW0as) ZOnz—i— 4 L T —— nozL
Uesp JMIBW0ES) | 0NZ/O00E—*— Ho
0¢ SI|ESIE] HB|NJ) =
K (51| se3-UDL) Xa|n7
m sapay 000wl
03 sajaydouy —=—
2002 'SA Z00Z 'SA L00Z/000Z AlAIOE Sijesie] sE—— £002 10} | uoibay asuejjlaAing -
Xa[n) 10 uesly 23awWoa9 | uolbay asue||l12Aaing oyinbsopy ounbsoy 10j sjejol Apeam
AN v
' ™
Buiddel] jo yasan
6L 2L 4L 9L SL wLoo€L T L oL 5 2 i g = [ o z L
. . . . . . . . . . . . . . . . . . o
50 C# UOISI|IAA
) L# UOISI|[IAA
- A plojie
R . eforL
Ne— . S~ folue)s
Sz
bSO SuBeIN — / /\ \ UMO | M8N
H e Suealsy) <
—y \/< Vv ‘ ed aleis 3ie|D g sime]
N w0 Sussp — ¥ sE >Dw0x_o
| uSIH oussy— 2 B Buidd
ainmsio pue aumesadwa] s sunod deal | UOID3Y UIY}Im sajlg bul ell
oynbsol | uoIBay a2uepaains ounbsoln uoibaM asuelliaAIne olinbso
) €002 | uoibay aouej|IdAINg ojnbsol




6¢C

. N ™
Moo S
lg 0 6L 8L 4 8 SL FL £ 2L ML Ol & 8 2 8 g 4 £ < 3 et vl |E-52 FANYY ghiny 0zZ-vl qnr-a cZ-al & FZ6l
L L L L L L L L L L L TR . L L L L Lyt dag gdag firy fimy -azIne Anp caunp aunp aunp Rew
, ey
T»{ \I\‘\ \ \ 7
— / ., a \\\ o004
A N
oz \
K\ / \\ / \ .
0e \ =
\ Ooar m
/ \ /\ oy 0o0s w..
/\ [ENE]
UEBY 1]ELI0AL) £[[F =t JET T p——
ueaw auswoan Zo0f < I m__mmhmkxmnnm+ 000
UESH JUEWI0&S |O0Z/0008 == (5I/e8/E}-U0) HAIND <
] i capay L ooog
safaidouy —s— 10, uoibay asuejjIanin
£00Z "SA Z00Z "SA LO0Z/000Z:AlAlOR Syesteg i Al —— €00c 104 1i Ibay I S —
X3}N2 JO UBSR 2UISWO03S || uoiBay saue(iaAIng olnbsop ojinbsol\ 10j sjejol Apjesp
. AN \
-~
Buiddes] jo yssp JOUMO |
Gl Bl A9 51 FL £l FL I ol & = 2 g9 5 r £ z ._mU>N_
— AN Y e - 0 Auno) 9|jInuay
50 C# J0UIN
o _ ) L# JOUIN
o A4SnIooN
N . - —_— aysobna|y axeT
= —= —° S|liH uelpu|
‘bsoy cjueal — SC COWC®>®“_.w “_.x_OH_
‘diasig
duwia ] mom aueap — = £ m__QQ\SOm
dwa] ybiH guesp— —x_mm_(__ﬂ_.om
SE
ainsio pue aumeladwal "sA sjunod deay Il uoibay uiypum saug buiddea )
ounbso 1| UoIBay 3aueaains ounbsonl €00Z II :O_mwm_ aoue||IaAINg ou_:UwOS_




0¢

- - 7
MNooAn SHIDIM,
iz oz 6L 8L 4L @ SL FL £L T4 Wb @b 6 & £ & § f £ % L anr Lanr
. L ' L L s L s s s s L L s s L L L L L 0 87-IZ LZ-5lL vI-8  £A-L LE-GE YI-BL LL-LL 0L Ay 1Z-17 0Z-FL £L -0EU BZ-ET ZZ-9L SL-6 8T -G FZ-BL
%/ \\/ \ wag ag dag des  Bny  Bny  Bny ¢ BNy -27Ine AINP ANE <L AN NP BUNR BURNM ABUNP AUnC AR AR
—— <
. // - \\’\ < ) /\@N\ﬂ/!<§/ \ .
0z /./\\ //\\ onoyr
W/
o0&
W
[if3 m
/ < < 0oooL &
0% oozl
< ABUYLD) ——
SlESIE] KS|NT) —w— oot
UEB JHIELLOAE EONE —%— 08| (s 1esE-umu) #3Ino
UESN JUELI0AES ZO07 —s— sapay oooatL
UE3W 22030 L00ZI000E —+— sajaydouy —e—
- 0L alEp ——
m onosL
€00Z "SA Z0DOZ "SA LODZ/000Z:ANAIISE SiESIE] €00c h”“_. Il uoibsd QOC\M_—_w>‘_=m
X3IN2 JO UBS J)9Woas ||| Uo|Bay asue||oAIng o)nbsop 0}INDSOJA 10] S|E)O L AP’ A
\. A .
'
Buydder) yo yaapn Wied 9}e)S Sslonjays
Gl al s al Gl Fl £l Zl L ol 5} 2 £ ] 5] |4 [ [t L > @
_ _ _ _ . _ _ _ _ . _ _ _ _ . _ _ _ oo gbny
| SIETY
) - os PIOPO0Y MON
— ot Xo0ppen
- uopbue
— S Ned 9jelS pue|s| sweyelo
—— ———
oz usno] uo4
- alowp3
C# ©4eT] s|ine(Q
‘o gueapy — e L# ©3e"] Ssjineg
doaig 05°E unoojsg
dwia] Mo Queay— almsiop pue ainjesadwa] “sp sjunod deil IIl uoibay uiym sayug Buidded |
dwa] YAy guesy — oynbso uoifiey aaueqaainsg ojunbso
RSO I othed SatENiBAINS oMo £002 Il uoiBay ssue|IeAINg onbso




f Noaan 1 i ESTETTYY - )
Lz o0 &l 2L AL alL 5L L <l Zl LL 0L 5 =3 ra =] =} il = z | 8TIT ITEL tlE Pt V5T vToelL Ll ok ghry  MZ-1E OZFL EL anr BZ-ET ZTEL 516 a7 -5Th FTEL
L e | L L L L I L L L | | I L L L L L | 0 wlas  wes ez wes By Bny  Anw -pBny ‘mw_:_;. z.:._; Anr ‘n”_:w -QguUnP SUNP BUNP BUNP BUNP ER Ry
/é‘A/\I\’\\l T ——— |<7|.MIIJII’\T|I \ °
/ \ o ‘Illlfl/ _ \) 000z
. L B VAV
/ \ < 000k
— : 1
" Vo ;
/ \ 0008 m
¥ '\ \/
oz 4 < 0000 L
ugay JUBWnas CO0g —%— /\ Ot L 810 —— 000z 1
Ugay AUIBUNAS ZO0T—=— c Sl|ESIE | Ha|ND—s—
UBAY allawinag | 00Z/000Z —s— [slesIel-uaY) ¥a|ng
09l sapay 000k
sajaydouy —e—
€00Z "SA ZDDZ 'SA LOOZI000Z . AMAINDE Slesie] Xainsg slEl—— £002Z 10} Al uoibay 2oue||laAIng oot
JO UB9W 2ldwWoan A uoibay asue||laning ojinbsow ojinbsop 10} sjejol Apjaapn
\_ N
r
Buidde.y jo yeapm
Gl a3l Ll Il Gl L cl Zl Ll ol a3 =] I3 9 S ¥ [ Z l
L . L . L . L . . . L . . . . . . . 0
cno
: Nied 9)e)S JoArY ajunL
—_— — 5l eulquad
|.|-|.|-I-l-|ll|.|.l.l.l-l-|| |lll|-|-l|lll|
— — |, ST
JjJied 9lels dlpue|ad)|
sc Z# S04 puels
| e e . L# Y404 puein
| dway g @pmmEl B e uojjelio)
dwa] ybig ueap — COH.\ANLO
¥ umoisiadoo)
ain)siol pue aamesadwsa ] “sA sjuno deil Al uoibay uiypum sajyig buiddea |
ojnhso uoifay asueqiaaing oynbhso
" WA 103y I S ol W €002 ANl :O_mwm 9due||IsAINS Ou._SUwOS_




(43

( STEETVY N
Heoam
_ [ _ 0z _ Bl _ 2l _ il _ al _ Gl _ ¥l _ £l _ zL _ Ll _ oL _ B _ 2 _ I3 _ a _ [ _ ¥ _ £ _ . Mwm%mm “mmm Nmﬂq ‘Mwﬂ__ﬂ,_ﬂ o\w_uﬂ,v ‘Nmﬁ__,_, Mww_,v wﬂm_, wm_w_v
NN
¥ v 0g F 0000}
~ [ .
/ \ / \ r 00051
W ) ]
[ulz] r oooommo.
\ ) ﬁ
< / \ r 00052
uealy aulawoas SO07—%— < "
- ueay Julawoag) ZO0;—e— + 06 Yo —— 0ooog
uEaly DUIBW08S | O0Z/NN0T—— SUBSIBL XBIND —w— /\
a0l (s1esiej-uou) xajny
sapay ¥ 000S€
sajpydouy —m—
£00Z "SA ZOOZ "SA LO0Z/000Z:AMAOR Sjjesie] Xa[nd e €002 10} A uoibay asue|IdAINg
JO UB3Nl SHJ}RWORD A UOIBay 3dUe(|I2AINS o) hbso ojinbso 10} sjejo ] Apjeop oneer
\ J
- -
burdder) yo yaapp
G &b 4L 9 sk fL € Zh o Lol 6 = i g S v £ z Coumar_m>>
000 UOgSI
i B - 7o 0J0gs|iIH
N/ o yIed 9)e1S Wosuey 1o
== —— = uew.o-
o0z
Asjuiq
] * e obie
i ‘bsop auealy - oo'e N# H_
‘dioaig —‘# Omx_mn_
M dwa] mo cueapy — 0s'e
|| dwia] yiiH cuess — . C__LQUCM
uojjasse)
05'F
a1msioy pue ainjeladwal "sA sjunod deay L.\ :O_mwm_ UIYlIM S93}IS m:_n_n_m._._.
oyunbso uoifay asuei2Aaing ounbso
UNBSOIW A Holbod 9otefiisAIns ounbson £00Z A uoiBay asue||laAINg o}nbsop



133

alnsioy pue aameladwa] "sA syunod deay
ounbso IA uolfiay aoueiaaing o)inbso

™ i syaaM
v—mmg ge-ZL LG 113 3 LESE $E-8L Ll ol chng 21 0EpL £l ghine BZEZ ZE-aL =13 2 e pEcEL
L2 0z 6L 8 AL 9L SL ¥L o £L EZLLL 0L 5] 2 2 ] 5 13 £ z L was pes -gpes-Lwes By Bng By -pfny -gzior Ane Anr -ZAnp -OEURP sunp aunp B EUNP -Z BUnp -GZABM Asp
i ar= a0 | R NN
— i
\ Y A A
|\ NA A ] .
oe
\ RV
or
N/ VERY / :
/ \ < /\ 05 k ng_..m.,
/ \ c it “
0: 0oooz
UES|A DU}BLUOBS) 007 —%— /\ B —e— <
uga OLIBW0AN FO07 —e— ¥ na SIIESIEL KNS e
UEalA UIBW0aS) | 0070007 —e— P, 005z
08 sapay
€002 "SA 2002 "SA L00Z/0002 salaudouy —e— B
1 sJjeSiB] X3jND 10 UBS 21112W03D siEn—— €002 10§ |\ uolibay aduejjlaAIng .
IA uoiBay aasue|lI9aAIng ollnbsopy oynbsoyy 10} sjejo] Apjeapn
_/ \_
e
Gurdder) jo yaapn
6L 8 /s 9 s v £zl W oo & 8 £ 9 S5 ¥ £ 7 | z# M0 Aojlen
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 D F# >H_O >®——m>
_ 50 Sa)eQ
_ ) uosjodeN
o Salpleln\ 1|
T — Z# umolsawer
I.I.l.l.l.l.l.l.l.l.l|.|.|.| ————
¢ L# UMo)sawe
5T AanieH
| heom mu_ﬁ_mm c uoybunie)
4 dwa] maq @Dmm_al _ 5E jied dlels oyeT] Janesg
dwa] yiiH oueapy — >®_r_w<
¥

IA uoibay uiyum sayg buiddes |
€002 IA uoibay aosue|i1aAing oyinbsopy




143

L

AeaM
€L £L L1 OL

6 a8 £ a = ¥ £ z L

z Bl a1l FAR gl Gl ¥l

T MEEE bl
waz ez das

2k
was

B
£hry

“STA LZUlT 0TRL
nr AHne Aee

[T
“STh  PTUEL
Yt

VST bETRL Lk
Bng  Bny By

a
-t Ang

€L 9 BeET ZTEk sS4
£ AP -DEURP BURP BUMP  BuRp

x4
aunp

A\

N

N7

WAASWAVAR

A

DAV

Ao

<

% i—
%H”g
T hY

oogL

\ /

JANE

\ XN

Sl

ooo0z

M

Vi

oz

N

/.\

oo

I°T4

\/

000t

saoymbsopy

oL

\

o00s

O —e—

Usa JLEW0aS £00T —%F—
Usa JLIEW0aS Z007 —=—
UBS|y JUBWOaS | 000007 —e—

SE

SHBSIE | XEND —a—

(SIS A UOL) XEIND

o009

sapay

€002 "SA 2002 "SA L00Z/0002
ISHeSIE] X2[ND JO Ueal) J1112W09D
1A uoibay sosueeains ounbso

or

sajaUtoUy —m—
BB ——

< o002

€00¢ 10} [I/\ uoibayg soue[enang ™=
o)nbsoy 10} sjejol Ap@sp

gL 8 8l

5l

Buiddes] jo yesm

| A . Y

o B B £ 5 5 ¥ E L L

=

UINQUSENA
C# uepuey
L# Uepuep

uon

3led a1e1S eameyeyes aye
Ayunod Jeppiy

50 uolgeH

uszeH

Sed 9e]S Ujooul weyeiqy Ho4
sejeA Ho4

|.|.|II.|.|.|.|.|.|.I.||

5l }ied 9)e1S youey ssoi)
Jse)

¢ uosien
Z# dosewsig

‘heopy queapy

7e L# Yorewsig

yejnag

‘dinalg
‘dwa] mo7 e —

‘dwa] Yy queap —

aln)siop] pue ainjesadwa] "sp sjuno) deil
ounbsop 1In uoifiay aaueiaAinsg ounbsopy

g Juowy
IIA uoibay uiypum sayig buiddes |

€002 IIA uoibay asuejjIaAing ojinbsop




93

)
desM ( SHa9M
e 0z gk gl £ st 5t ki £l o i oL 6 8 £ 8 N i € ¢ 8z-zz lzSL VI8 Ll Le-Gz vZ8L Ll-LL oL ebny  /z-1z OzvL €L 9Nt 62-€C 229l SL6 8T M._M_\M vZ6lL
. . . . - . . ] jdeg jdeg jdes 1des Bny Bny  Bny -pBny -gzint ANt ANe -z Anp -ogunt sunp  eunp  eunp eunt ey Aew
G
oL
Sl
oz
08 §
. 0001 .m
< oe
ugal JUlALIDAaS) SO07—%— <
. Ueapy SUIBLINaS FON7 —e— SE SO ——
LSS 3LiB020) |ODE/O0NE—4— orommenr amo | |
of . Sepay
mw_wzno:<|l|\ oSt
€00Z "SA Z0OZ "SA L00Z/000Z AllAOR sijesie] Xa[n)d €002 40} |IIA uoibay AN .
JOo ues|) olldWOoan |[IA uoclibay aoue|liaslng olinbsopy aoue||IaAing o)Inbso 10} s|ejo L Apjesp
. .
r ™y
Gurdder) jo yaappn
B &8 4 &8 s v €2 L oo & 8 /4 3 0§ E z |
— . D HOW
BIOPIIN
o= 0 JabumeH
- Aunog uung
Z# UosupjoIg
[ "—— [ o5l L# uosupolIg
..-...Ill.lll.l.l.l.ll
—_— e e uewmog
= = — <+ 00E
pRyIeg
05z yoesag
‘hsop gueay e COU_E<
diaaig aimsio pue aaneladwa] "sA syunood dea) A :O_mmm_ Uiylim sal}is m:_n_n_m._._.
‘dwa] a0 ueay —
olinbso uoifiay aosue|IdAIns o)inbso
duss | B SueaN— HNDSOI TIA HOIDSH 9aUBIISAINS 03NBSOI €002 IIIA uoiBay aouejjiaaing oynbsopy




Appendix C 1994-2003 Weekly Mosquito Trap Counts

Appendix C includes graphs of trap counts from the last week of May through the first week

of September. These graphs depict how the mosquito trap counts have changed throughout
the years of 1994 through 2003.

The general trend of North Dakota’s mosquito population is a steady rise in population peaking
in early to late July, followed by a gradual decrease through the rest of the mosquito season.
When 2003’s data is compared to previous years, from 1994 to 2002, the general trend is easily
seen. Yearly and weekly variances in trap numbers can be attributed to abiotic factors such as

rainfall and temperature, as well as the number of sites in the state’s New Jersey Mosquito Trap
Network.

Mosquito populations are not uniformly distributed throughout a trapping area as a result of
environmental and biological differences among trap sites. Therefore, using the geometric
mean minimalizes the environmental and biological differences that may skew the data,
creates a direct proportional relationship, and changes the value to another scale that enables

practical data comparison. For these purposes the geometric mean was used in the creation
of the following graphs.
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